Balance studies in chronic congestive circulatory failure showed marked depression of renal excretion of chloride and further depression when the intake of salt was elevated or when fluids were restricted. This defect may not be accompanied by diminished ability to excrete nitrogen. Although cardiac compensation was usually accompanied by chloride diuresis of proportionate degree, in over one-third of the cases there was evidence of excessive hydration without proportionate retention of salt. Although initiated by a cardiac disorder, congestive failure is mediated by disturbances in renal regulatory mechanisms of both salt and water balances suggesting that hormonal effects play a role. N CONGESTIVE circulatory failure* there is close relationship between the appearance and disappearance of edema and the amount of sodium chloride ingested.3 Adequate restriction of saltt in the diet seldom fails to prevent the retention of water; on the other hand, edema accumulates when the intake of From the Hospital of the Rockefeller Institute,
Balance studies in chronic congestive circulatory failure showed marked depression of renal excretion of chloride and further depression when the intake of salt was elevated or when fluids were restricted. This defect may not be accompanied by diminished ability to excrete nitrogen. Although cardiac compensation was usually accompanied by chloride diuresis of proportionate degree, in over one-third of the cases there was evidence of excessive hydration without proportionate retention of salt. Although initiated by a cardiac disorder, congestive failure is mediated by disturbances in renal regulatory mechanisms of both salt and water balances suggesting that hormonal effects play a role. N CONGESTIVE circulatory failure* there is close relationship between the appearance and disappearance of edema and the amount of sodium chloride ingested.3 Adequate restriction of saltt in the diet seldom fails to prevent the retention of water; on the other hand, edema accumulates when the intake of From the Hospital of the Rockefeller Institute, New York, New York, and the Department of Internal Medicine, Washington University School of Medicine, Saint Louis, Mo. Most of these studies were made at the Hospital of the Rockefeller Institute. Analysis and compilation of the data and studies on 4 patients were done at Barnes Hospital, Saint Louis, Mo. * "Congestive heart failure" is not the best description of the syndrome here discussed. The same sequence of events can occur as a result of mechanical obstruction to the inflow of blood into the heart as when the ventricular myocardium has dilated and failed. Starr1 and Dock2 have questioned the term, and the author agrees that it is misleading. A somewhat more accurate phrase is "congestive circulatory failure," which can be of cardiac or noncardiac origin. The syndrome is not strictly a cardiac one, being maintained by organs remote from the heart, although caused by inadequate flow of blood through the heart. An understanding of the mechanism of this condition involves considerable attention being directed away from the heart toward other organs which now appear intimately involved. t "Salt" as used in this report denotes sodium chloride. salt is not restricted. In most cases restriction must be severe (1.0-0.5 Gm. per day) to produce the desired result. Furthermore, the kidneys of patients suffering from this condition are unable to excrete sodium and chloride efficiently even when they are given an adequate stimulus (artificial elevation of plasma levels of chloride and sodium).4
In order further to examine this relation, chronic congestive circulatory failure is viewed not as a disturbance in the function of the heart (although that is usually the primary factor) but as a disturbance in fluid balance, initiated in the heart, but maintained by other less well understood mechanisms. According to this idea, a deficient heart calls into action a secondary mechanism involving the kidneys which produces congestion by retention of water and sodium chloride. The purpose of this report is to call attention to that mechanism in the light of prevailing concepts of pathogenesis, and to attempt an explanation of certain findings inconsistent with these concepts.
Renal blood flow is reduced in congestive failure to values which have been believed sufficient to cause retention of salt, and therefore water.. This finding has been advanced as an explanation for the inability of these kidneys to excrete salt efficiently. Decreased filtration of salt by the kidneys, however, does not explain all of the data. Increased tubular reabsorption of salt may also be present. Furthermore, disturbances of the excretion of water are theoretically possible. This report will present data which suggest (a) that the excretion of salt by the kidneys is specifically depressed; (b) that the ability of the kidneys to concentrate salt in the urine is impaired; (c) that the excretion of salt is not always a function of the volume of urine; (d) that many cardiac patients not only retain excess salt (and therefore water), but also appear to retain water specifically more than salt. Extrarenal hormonal influences on the kidneys are believed to account for these electrolyte disturbances.
While exact studies on balances of water and sodium chloride in the body are difficult to perform for long periods, changes can be followed by (a) controlling the intake of fluids and of sodium chloride carefully at constant levels, (b) measuring the urinary excretion of water and sodium chloride, (c) controlling the caloric intake at constant levels in order to maintain body weight, and (d) weighing the subject accurately day by day. Extra water contained in food and produced from its metabolism is relatively constant; variable factors under these circumstances depend upon the water in expired air, and losses of water and sodium chloride through skin and feces. Attempts were therefore made to correlate gains or losses in weight* with the urinary excretion of chlorides and water in cardiac patients undergoing changes in the degree of decompensation and subjected to variations in the intake of sodium chloride or water. The effects of diuretic agents will be reported in a subsequent communication.6 * Body weight was considered a much more exact method for measuring changes in fluid content of the body than was the volume of the urine. Fluid is excreted in the urine, in expired air, in persl)iration, anld in stools. The weight therefore indicates exactly the difference 1)etween the intake of water as fluids or food, and the excretion of water in air, perspiration, stools, and urine, disregarding the building up or breaking down of tissues. In short periods of observation (two to four weeks), changes in tissue content were usually negligible, although the results must be interpreted to include them.
METHODS
Fifty patients were studied, of whom 30 were men and 20 women. The amount of sodium an(1 chloride in the daily diet was calculated from stand-aId tables.7 Diets contained constant amounts for long periods. The intake of fluids was rigorously maintained at constant levels. Body weight was carefully measured daily before breakfast to 0.1 Kg. on the same scales. Physical activity was controlled as consistently as possible, patients either remaining in bed throughout the period of study, or being ambulatory in hospital. Control periods often lasted from four to six weeks and some patients remained in hospital for two to five months.
Detailed methods of study have been discussed in a lprevious communication.3
Thirty-nine patients exhibited edemua and other signs of increased extracellular fluids. Fourteen suffered from rheumatic heart disease, 20 from arteriosclerotic heart disease without arterial hypertension, and 3 from cardiac failure following hypertension.
In one, edema resulted from hypoproteinemia, an(l in one from Cushing's syndrome. Of the 11 patients without edema, 7 suffered from arterial hypertension without disturlbance of renal excretory function, 3 from coronary occlusion, and one from mild bronchial asthma. In only the 3 hypertensive individuals and one other was organic renal disease demonstrable by laboratory examination. Nitrogen retention was not present in the remainder., nor was the clearance of urea unduly lower than normal when a state of fluid balance had been achieved. Congestive failure was very severe in most patients, and an attempt wvas made to study only those cases in which signs and symptoms of congestion were long standing, therapeutic measures had been unsatisfactory, and the primary cardiac disease only slowly progressive.
The total amount of chloride in the urine was measured daily (Volhard-Arnold method), over 2,200 (letermfin ations being made. Although technical difficulties of measuring sodium at that time (1937) (1938) (1939) (1940) (1941) prevented information being gained concerning the behavior of this ion, measurements of the urinary excretion of chlorides were considered fairly good indications of the fate of salt. There is no evidence that chlorides other than sodium chloride are rettained by cardiac patients, or that they play a priimary part in edema fluid other than to accompany sodium; on the contrary, chloride ions when administered with other bases (amiumonium, potassium) aie usually readily excreted. Chloride was therefore Calculated as sodium chloride. The urinary volume was carefully collected and measured to as exact values as possible.
REStULTS
The Paradoxical Effect of Ingested Salt on the Urinary Excretion of Chlorides and Wrater. There 4812 HENRY A. SCHROEDER is a critical balance in cardiac patients between the amount of salt ingested in the diet and the accumulation or disappearance of edema. This varies with the nature and extent of the disease from which the patient suffers. For example, this point. In order to examine the effects of changes in the intake of salt on its excretion, 7 patients were studied for relatively short periods (table 1). In 4 of these patients the urinary excretion of chlorides was actually de- pressed when the intake of salt was at higher levels. This paradoxical effect was accompanied by decreased urinary volume in only two of these, but in three weight was affected unfavorably. In the other 3, slightly more chlorides were excreted when the intake of salt was increased, but the changes were very much less than expected. Weight in two was gained. Plasma chloride levels were low in the third (N. J.), which may account for the absence of a gain in weight, salt, without water, being retained.
It therefore would appear that ingested salt may act paradoxically on urinary chlorides in certain cardiac patients, serving to depress depressed after three of nine injections of relatively small amounts (5.0 to 8.0 Gm.), and after the other 6, was increased only slightly. Body weight was affected unfavorably in two of the subjects. Analyses of individual specimens of urine in one subject (B. H.) showed that the concentration of chlorides rose to relatively high levels for a cardiac patient (maxi- them; sometimes urine volume is also lowered. Furthermore, when the intake of salt is raised, the expected increase in urinary chlorides does not occur.
The Effect of Injected Salt on Weight and on
Urinary Chlorides. When salt in relatively small amounts was injected intravenously in hypertonic solution (4 to 6 per cent) into 3 patients, somewhat similar results were obtained (table 2). The urinary excretion of chlorides was mum 31.5 milli-equivalents per liter) immediately after the injection, although the total amount excreted was relatively low, and did not change greatly. Larger quantities given by vein (24 to 33 Gm.) caused increases in the concentration and amount of urinary chlorides, but very much less than those seen in normal subjects4; the highest values being 70.6, 79.0, 39.5, 36.6, 50.3, and 18.5 m. eq. per L. as compared to normal levels of 178.9, 207.8, and 484 1.-Effect of excessive circulating sodium chloride upon urea clearance, and urinary sodium and chloride excretion in a patient with a normal heart, and in one who suffered from congestive circulatory failure which was partially controlled at the time of the experiment. Both patients exhibited approximately the same amount of edema; in the "normal" it was caused by hypoproteinemia probably secondary to ceroid disease, the kidneys being normal as to function and proteinuria. At zero time, 24.0 Gm. of 6 per cent sodium chloride solution was injected intravenously. There was little effect upon urea clearance, but excretion of both sodium and chloride in the cardiac patient was relatively low. Plasma levels of sodium and chloride reached 153 and 119 m. eq. per L., respectively, in the "normal" subject, and 151 and 111 m. eq. per L., respectively, in the cardiac patient. In other similar experiments sodium excretion was too low to measure accurately, values of less than 20 m. eq. per L. being inaccurate (indicated on chart). Data obtained from previous studies .4 excrete relatively small amounts of chlorides efficiently, whether given by mouth or by vein. These disturbances are probably specifically concerned with the excretion of salt, and bear little relation to the excretion of nitrogen. Depression of urinary excretion of chloride by elevated dietary or parenteral intakes cannot moderate degree of arterial hypertension, and one from mild bronchial asthma were placed on diets containing known amounts of salt, and their urinary chlorides measured daily for four to sixteen days (average nine days). When the daily intake of salt was from 6.0 to 10.4 Gm. (5 subjects), 80.0 to 86.5 per cent of the in-486 c 1 gested salt was excreted in the urine as chloride (average, 83.6 per cent). When it was 2.0 to 0.5 Gm. (4 subjects), 58.0 to 65.0 per cent was excreted (average, 61.3 per cent). Therefore, chloride losses by other routes than the renal one were affected by a low intake of salt, over five times as much being unaccounted for when the intake was high as when it was low.l* Since losses by insensible perspiration were negligible, and patients sweated very little, relatively less depression of the levels in stools than in urine could account for these findings. In cardiac patients losing or gaining edema, this factor cannot be applied to the excretion of urinary chlorides.
The Effects of Changes it the Inltake of Fluids upon Uarinary Chlorides. Nine patients were studied especially to examine the effect of a relatively high intake of fluids upon the urinary excretion of chlorides. Excessively large amounts of fluids have been reported to be beneficial to certain cardiac patients.8 XWhen the intake of fluids was raised, no consistent results were seen (table 3) . Excessively low intakes (1000 cc. or less per day) were, however, accompanied by decreased excretion of chlorides in a of 7 subjects. High intakes (2400 to 3500 cc. per day) initiated a chloride diuresis in ;) of 7 cases, but in only 2 was the intake exceeded, and inconsistencies appeared in the same patient (Cf. B. H., J. B., E. K.). When fluids were suddenly doubled or trebled, a lag period of one to three (lays was sometimes seen before the urinary volume increased, especially in more severe cases. As weight did not consistently follow chloride excretion, retention of * For example, a diet containing 8.0 Gm. of salt given to a normal subject was accompanied by the average daily urinary excretion of 6.45 (Gm. of chlor ide calculated as NaCI, or 80 per cent excretion. When the dietary intake was reduced to 1.0 Gm., the urine contained only 0.63 Gm. after a period of restal)ilizatioII, or 63 per cent excretion. Average urinary volume was unchanged. Therefore, 1.55 Gm.
was excreted ini stools (and possib)ly sweat) on a high intake of salt, and only 0.37 Gnm. on a low intake. The stool therefore containecl a higher percentage of ingested salt on a low as comipared to a high intake.
Further restriction of dietary salt cause(l evei larger.
)ercentages to be excreted b)y other than urin.ary routes.
water without chlorides probably occurred in some cases. From these results it, would seem that restriction of fluids in most cardiac patients may depress the urinary excretion of chlorides, while the intake of relatively large volumes may increase them slightly or moderately. Further evidence on this point was obtained from an analysis of the urinary excretion of chlorides during rigid restriction of fluids for twenty-four hours (concentration test). In one patient (H. AM.) this procedure, repeated on three separate occasions, was not found to affect the concentration of urinary chlorides appreciably, but the amount excreted became very much less along with the lower urinary output (fig. 2 ). This was also true in three other cardiac patients on diets containing 1.0 Gm. of salt per day; in a normal individual (G. S.) the concentration increased. Adequate fluids are apparently necessary to allow the kidneys of cardiac patients to excrete chlorides, but excessive amounts are not. Within a certain range, which differs from one patient to another, the excretion of chloride appears to remain fairly constant.
Miscellaneous Observations. The effect of the intravenous injection of large amounts of hypertonic salt solution (24-33 Gm.) on the pulse rate or pulse deficit was observed in 6 subjects. In a normal individual the acverage pulse rate increased 12 beats per minute the day after the injection; in a cardiac patient with normal rhythm it increased 10. Of 4 subjects exhibiting auricular fibrillation, no change was seen in 2; in the other 2 the rate increased from 60 to 85 and 75 to 100 beats per minute, respectively, and a pulse deficit of slight degree became manifest.
In one, the effects of oxygen upon urinary chloride excretion was studied. Although the patient was not in need of extra oxygen, she was placed in an oxygen chamber at a concentration of 40 to 45 per cent, for five days. The urinary chloride excretion increased from a daily average of 1.40 Gm. during the preceding five days to 1.77 Gm., while urine volume and body weight.Iwere not affected.
The content of chlorides in various body fluids was measuredl in 10 subjects, thirty samples being taken. Protein was measured in eleven samples; as is known, abdominal fluid has the highest concentration (table 4) . There was considerable variation in the concentration of chlorides in body fluids, and in progressive samples it sometimes decreased (5 cases) indicating dilution of electrolytes. All of these patients were severely ill and died. 4.0_
3.5_
.1 Sp.
.019 was less, more fluid probably being lost through other routes. Relation between Weight Loss and Total Chloride Excretion. The total urinary excretion of chlorides for varying periods during which weight was lost (four to sixty-six days) was measured and compared to changes in body weight in 29 cases. The average period of 1p. or. 9.020 $p. or.1. Although there were wide fluctations in the amount excreted, the concentration was relatively unaffected by the low urinary volume, indicating some relationship between volume and amount, and a deficiency in the ability of the kidneys to concentrate chloride.
Analysis of the data from a comparison of the change in weight expected from the removal of the fluid, and the actual loss of weight the day after it was removed, revealed discrepancies. In nine instances the calculated weight loss was greater by 0.5 Kg. or more than that which actually occurred, suggesting that fluid subsequently ingested was retained. In ten it observation was thirty-one days. In most cases, diuretics were given; in others, fluids were removed mechanically (thoracentesis, paracentesis abdominalis, direct removal of edema by Southey tubes); in the remainder, no changes in therapy were made. While the Volhard-Arnold method for measurement of urinary chlorides is accurate at relatively high concen- (which would therefore be comparable to edema fluid). Those cases on the right of the isometric line represent instances in which a larger amount of chloride was lost than its equivalent of water, i. e., a comparative hydration occurred during diuresis. Those cases on the left of the line represent instances in which less chloride was lost than its equivalent of water, i. e., water without sufficient salt had been stored prior to diuresis. Those cases on the negative side indicate instances in which there was actual retention of chlorides during diuresis, and suggest that considerable hydration had previously existed. The periods of study are shown in table 5. Weight is in Kg. daily excretion is low. This error, however, does not invalidate entirely the results, for measurements of urinary chlorides take into account only one of three routes by which chlorides can be excreted from the body.
When the difference between the intake of salt and the urinary excretion of chlorides calcu-parison, the theoretic weight of this fluid was calculated on the basis of 1 Kg. per L., neglecting urinary solutes. The weight of fluids removed mechanically was subtracted from the total change in body weight. In 12 cases there was fairly good agreement between the theoretic loss of weight (fluids) calculated from (table 5 ). In 6 cases the agreement was less close, and in 11 there were wide divergencies. Only one case (J. B.) was divergent from the expected relationship in a direction indicating that the theoretic loss (from chloride) was greater than the actual loss, i.e., that salt depletion had occurred to a large extent. A period was chosen during which this patient received a total of 11.0 cc. of mercurial diuretics intravenously, resulting in a large loss of chloride in his urine. Ten of the 12 cases in which there was good agreement had received smaller amounts of mercurial diuretics ( fig. 3 ).
On the other hand, the 11 cases which diverged markedly from the expected relationship between actual and theoretic weight loss diverged in a direction suggesting that more water and less chloride was lost. In 4 subjects there was actually a "positive" chloride balance in spite of the loss of weight. If this method of analysis is accurate enough for the purpose, these findings indicate that considerable water unaccompanied by chloride had been previously retained, and was lost via the urine and other routes during the period of observation.
An attempt was made to correlate differences between the fluid intake and the average daily urinary volume with the daily, weekly, or monthly loss of weight. No agreement was seen. While there was some rough correlation during short periods of diuresis, over longer periods the urinary volume was found to be the least exact of any method for the estimation of loss of edema.
DISCUSSION
It is becoming increasingly evident that congestive circulatory failure is associated with disturbances of the balances of water and salt which are initiated by a failing circulation and mediated by the kidneys. These disturbances can act through two mechanisms: a direct renal one and an extrarenal one, probably involving endocrine influences.10 There is evidence for both hypotheses.
In congestive failure renal blood flow has been found considerably reduced, enough to account for diminished excretion of sodium and chloride.5 The theory has therefore been advanced that the retention of salt and water is on the mechanical basis of a decrease in the volume of glomerular filtrate and a shunting of blood away from the kidneys, without excessive tubular reabsorption of salt. Other functions, however, such as the ability to excrete nitrogenous products and water, are not interfered with to the same extent. Since both salt and nitrogenous products are filtered at the same rate, differences in their retention must be attributed to specific alterations in their respective rates of tubular reabsorption. Urea is reabsorbed passively by diffusion, salt actively. Three types of disturbance in the normal relations between filtration and reabsorption of salt could cause retention: (1) lowering of filtration rate without change in the absolute rate of reabsorption;
(2) lowering of filtration rate with increase in the absolute rate of reabsorption; and (3) maintenance of filtration rate with increase in the absolute rate of reabsorption. None of these alternatives apply to the normal state. As to the first, in arterial hypertension and chronic glomerulonephritis low filtration rates are frequently seen without clinical evidence of salt retention; in aged persons filtration rates may fall to half normal values without edema developing"; the upright position and exercise are accompanied by lower filtration rates.'2 13 It would appear, therefore, that normally a fall in filtration is usually accompanied by decreased reabsorption of salt. The third possibility is untenable in the light of the experimental evidence found in cases of congestive failure. The second possibility must therefore be considered carefully. It is obvious that a marked reduction in renal plasma flow associated with less reduction in glomerular filtration rate will produce the conditions necessary for a tendency to retain salt, provided that the renal tubules remain in a constant state as regards reabsorption. The experiments reported here, however, strongly suggest that the tubules have increased their rates of reabsorption for salt, but not for nitrogen. The 2 patients studied by Merrill,5 who had not received a mercurial diuretic, excreted 0.04 per cent and 0.01 per cent of 492 filtered sodium at glomerular filtration rates of 60 and 91 ml. per minute, a circumstance incompatible with nitrogen equilibrium if applied to other functions of the kidney. Assuming the lowest values of glomerular filtration rate found by Merrill (approximately 50 ml. per min.), calculations can be made on the present findings which show that chloride reabsorption was markedly increased above that expected, excretion having been only 0.7 to 16 X 10-5 per cent of the amount filtered. During some twenty-four-hour periods, none was detectable in the urine, although nitrogen and water excretions were not abnormal, and adequate intake of salt was assured. These levels for chloride excretion are of similar magnitude to those found by Merrill for sodium. The paradoxical depression of chloride excretion after higher intakes of salt seen in 6 of 9 patients suggests an extrarenal influence working to decrease filtration or to increase reabsorption of chloride. That this extrarenal influence did not affect filtration is indicated by the absence of depression of the clearance of urea when large amounts of salt were injected intravenously ( fig. 1 ). In fact, we have seen the clearance of urea at twice normal values, while the ability to excrete salt was markedly impaired. A tendency to the formation of edema from hypoproteinemia was not accompanied by diminished excretion of salt ( fig. 1 ). Therefore, it becomes evident that the kidneys of cardiac patients exhibit a more marked depression of their ability to excrete salt than can be assumed from a lowered glomerular filtration rate. The salt-excreting function, which in normal subjects fails when the concentration in the urine is approximately 18.0 Gm. per L., appears in cardiac patients to break down at about 10 per cent of that value, or less. Such a low level, if applied to other excretory functions, is incompatible with normal nitrogen balance.
For one function of the kidneys to be altered and not others points to the action of extrarenal influences. The hormones of the adrenal cortex which regulate salt balance come to mind. If failure of the circulation in some way acts upon the adrenal cortex to stimulate the production of salt-retaining hormones, some of the findings would be explained. Deficient flow of blood through the kidneys, caused by a failing circulation and/or intrarenal circulatory alterations, would explain the remainder. The low concentration of sodium in sweat found in chronic congestive failure' is in accord with the hypothesis that the adrenal cortex is overactive.
There also appears to be a disturbance of water balance in many patients which is not wholly dependent upon a specific retention of salt. A considerable number apparently had retained more water than would be indicated by an isosmolar amount of salt in edema fluid. Unfortunately, adequate studies of the levels of sodium in plasma were not usually made, but there is enough evidence to suggest that dilution of electrolytes from the storage of water occurred in many of the more severely ill patients. Serum sodium and chloride levels were usually slightly lower than normal, indicating hemodilution; chloride levels in extracellular fluids were often considerably depressed. Diuresis in many was not accompanied by an amount of chloride sufficient to explain the loss of weight as occurring from the excretion of an edema fluid containing normal concentrations of salt.
While retention of water by the kidneys can be caused by renal failure alone, extrarenal factors probably exert greater effects than renal ones. The secretion of the posterior lobe of the pituitary and other antidiuretic substances may act as accessory influences, for kidneys must be very severely damaged to be unable to excrete water. One condition, the "low-salt syndrome,'' is recognizable, however, which depends upon disturbances of salt balance during which water is not excreted; this situation can sometimes be reversed by raising the levels of sodium and chloride in the body to normal. Whether or not antidiuretic hormones are at work in this condition is not known.
These studies suggest indirectly that there is excessive reabsorption of chloride, and probably sodium, by the renal tubules of patients in congestive failure. Other experiments have demonstrated a specific depression of the excretion of both sodium and chloride even under added loads. Calculations of the ratios of the clearances of inulin and chloride (C1/C01) 493 
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under conditions of salt-loading reveal that in cardiac patients the ratio rises sometimes to twice normal values, assuming a glomerular filtration rate of 50 ml. per minute for cardiac and 100 ml. per minute for normal subjects.4 For this ratio to remain at normal levels would require filtration rates of approximately 11 to 30 ml. per minute, which are very much lower than those found. Therefore, tubular reabsorption of salt must be increased. If this is so, the renal tubular work involved, judging from the calculations of Newburgh,'5 must be very large. The retention of 90 to 96 per cent of ingested or injected salt at adequate volumes of urine indicates the excessive work performed. It is difficult to ascribe this increase in renal work to insufficient oxygen in the kidneys; a more likely explanation is found in extrarenal factors stimulating renal tubules.
The mechanism of congestive circulatory failure therefore can be postulated theoretically according to the following: (1) The heart, by reason of myocardial failure or obstruction to filling, cannot meet the loads imposed by the requirements of the peripheral circulation and pumps less blood than is needed to supply the body with oxygen. It is not the purpose of this discussion to examine whether "forwyard" or "backward" failure predominates, nor is this question pertinent to the subject at hand. Inadequate flow of blood through the heart appears to be the initial stimulus. (2) Renal blood flow becomes reduced in response to some unknown stimulus, leading to a tendency to retain salt, water, and nitrogen. (3) A compensatory mechanism, probably involving the adrenal cortex and possibly anti-diuretic substances, is called into play, acting upon the principal fluid-regulating organs of the body, the kidneys. (4) Salt and water are retained by the kidneys through the action of salt and water-retaining hormones on the renal tubules. (5) The net result is an increase in blood volume and extracellular fluids, which may be an attempt to maintain homeostasis, but results in distress.
The control of the distress resulting from the accumulation of edema fluid, aside from the use of diuretic agents, involves the following meastres: (1) Dietary restriction of sodium chloride to a level commensurate with the ability of the kidneys to excrete salt. This point has been repeatedly demonstrated and needs no discussion other than to emphasize that restriction of the intake of salt must often be rigid. (2) The volume of urine must be a(lequately main-tained15 which usually means an adequate or unrestricted intake of fluids. Excessively high flails, however, inseverely ill cardiac patients may result in excessive hydration and renal insufficiency. It may become necessary to measare, therefore, the levels of plasma sodium, chloride and carbon dioxide combining power in order to detect hydration, and in some cases to restrict fluids moderately. W'e have been unable to substantiate a recent report'6 which indicated that diets containing 3.0 Gm. of salt and restricted fluids were preferable to those with less salt and more fluids; in fact, all of our results point to the opposite as being true. (3)
Severe depletion by diuretic agents of sodium and chlorides in body fluids must be avoided. (4) It is possible to prevent congestive failure from occurring, even when the potentialities for its development are present, by restriction of salt in the diet. The effects of diuretic agents will be discussed in a suil)se quent commuinication. SUINIMARY AND CONCLUSIONS 1. Fifty patients, of whom 39 suffered from congestive circulatory failure of cardiac origin, were studied. Urinary chlorides, water, and body weight were measurecl daily for long periods while the intake of salt and water was maintained at constant, but different levels.
2. The amount of chlorides excreted in the urine was either depressed, or was raised only slightly, when the intake of salt, was increased, either by ingestion or by intravenous injection.
Depression of nitrogen excretion did not accompany this alteration. The cardiac patient can excrete very little chloride under normal circumstances.
3. Restriction of the fluid intake usually resulted in retention of chlorides; elevation of the fluid intake sometimes initiated slight or moderate chloride diuresis. 4. A comparison of the theoretic loss of weight during recovery from failure calculated from the urinary excretion of chlorides, and the
